Abstract. Protocadherin-10 (PCDH10), a member of nonclustered protocadherin family which plays important roles in calcium-dependent cell-cell signal transduction and adhesion. PCDH10 functions as a tumor suppressor gene and its expression is downregulated by promoter methylation in many malignances. In the present study, we explored PCDH10 expression and promoter methylation status, and its biological effects in pancreatic cancer cells, and furthermore, we explored the mechanism of PCDH10 preliminary in pancreatic cancer cells. The mRNA level of PCDH10 was detected by semi-quantitative reverse transcription PCR and promoter methylation status examined by methylationspecific PCR in the pancreatic cancer cells (Capan-1, Panc-1, AsPC-1 and BxPC-3) as well as the human normal pancreatic ductal epithelial cells HPDE6-C7 which was used as a control. The human pancreatic cells were transfected with plasmid pcDNA3.1-PCDH10 or pcDNA3.1 by Lipofectamine 2000. The biological function of PCDH10 in pancreatic cancer cells was determined by CCK-8 assay, colony formation assay, flow cytometry, Transwell invasion assay and woundhealing assay. The levels of apoptosis related proteins were examined by western blotting. PCDH10 expression was obviously downregulated in the pancreatic cancer cells (Capan-1, Panc-1, BxPC-3) compared to the normal pancreatic ductal epithelial cells. PCDH10 promoter methylation was observed in the two pancreatic cancer cells Capan-1 and BxPC-3,and the expression of PCDH10 could be restored after treating with 5-aza-2'-deoxycytidine and trichostatin A in the two cell types. Overexpression of PCDH10 can inhibit the proliferation, migration, invasion ability of pancreatic cancer cells and induce apoptosis. Ectopic expression of PCDH10 could increase the levels of PARP, caspase-3, caspase-9 and decrease the level of bcl-2, AKT and p-AKT. PCDH10 acts as a tumor suppressor gene, and is frequently down-regulated by promoter methylation in pancreatic cancer cells. PCDH10 may induce cancer cell apoptosis via the AKT pathway.
Introduction
Pancreatic cancer is a common malignant tumor of the digestive system. Most pancreatic cancers are pancreatic ductal adenocarcinomas. Pancreatic cancer is among the deadliest cancer in the world, its 5-year survival rate is only 4% and after surgical radical resection is less than 20% (1) . The poor survival of pancreatic cancer is due to its late diagnosis, early metastasis, and insufficient therapy. Unfortunately, the survival rate of patients with pancreatic cancer have not been increased in recent years. Deeper understanding of pancreatic cancer based on the molecular mechanisms, has revealed that pancreatic cancer is due to genetic and epigenetic alterations (2) . New tumor makers which could help detect pancreatic cancer in the early stage and provide potential therapeutic targets are necessary and valuable.
Epigenetics modification is defined as the modification influencing gene transcription and translation inherited without changing the DNA sequence, including DNA methylation, histone modifications, chromatin remodeling and RNA interference (3) . DNA methylation is a common epigenetic modification reported to affect chromatin structure and gene stability (4, 5) . The aberrant DNA promoter methylation of tumor suppressor genes (TSGs) play an important role in mostly cancer including esophageal, gastric and colorectal cancer. In addition, several TSGs including p16, UCHL1 and ROR2 have been confirmed with promoter aberrant methylation resulting in silence (6) (7) (8) .
Protocadherin-10 (PCDH10) belongs to the protocadherin family, locating in human chromosome 4q28.3. Protocadherins are predominantly expressed in the nervous system, playing an important role in signaling pathways and cell-cell adhesion (9, 10) . Accumulating evidence indicates that protocadherins including PCDH8, PCDH17 and PCDH20 can suppress tumorigenesis and tumor progress in multiple carcinomas (11) (12) (13) . Early studies have demonstrated that PCDH10 is frequently downregulated by promoter methylation and functions as a tumor suppressor gene in gastric, colorectal cancer, lung cancer and in many other carcinomas (14) (15) (16) . However, the research on PCDH10 in pancreatic cancer is rare, its expression, methylation status and biological function in pancreatic cancer are not know yet. We examined PCDH10 mRNA expression and promoter methylation status in pancreatic cancer cells, and the overexpression of PCDH10 to detect its biological function in pancreatic cancer cells. In addition, we preliminarily explored the mechanism of PCDH10 in pancreatic cancer cells.
Materials and methods
Cell lines. Human pancreatic cancer cell lines (Capan-1, Panc-1, AsPC-1 and BxPC-3) and human normal pancreatic ductal epithelial cell line (HPDE6-C7) were from Chongqing Key Laboratory of Molecular Oncology and Epigenetics. The cells were maintained at 37˚C in Dulbecco's modified Eagle's medium (DMEM) or RPMI-1640 medium (HyClone Laboratories, Inc., Logan, UT, USa) with 10% fetal bovine serum (FBS; Gibco, Grand Island, nY, USa).
Semi-quantitative reverse transcription PCR (RT-PCR)
analysis. Total RNA was isolated from cells by TRIzol (Invitrogen), RNA concentration and purity were tested, the value of OD(260)/OD(280) should be at the range of 1.8-2.0. Total RNA was reverse transcribed into cDNA according to the reverse transcription kit (Promega, Madison, WI, USa). RT-PCR amplification primer synthesis by Takara Bio (Shiga, Japan), the RT-PCR primer sequences are listed in Table I. RT-PCR steps according to the GoTaq polymerase (Promega) instructions, and the amplification conditions were: 95˚C for 2 min; 95˚C for 30 sec, 55˚C for 30 sec, 70˚C for 30 sec (PCDH10 using 32 cycles, β-actin using 23 cycles); and 70˚C for 3 min. PCR products were analyzed on 2% agarose gel electrophoresis, and Bio-Rad gel imaging system was used for analysis of exposure and quantity.
DNA bisulfite treatment and methylation-specific PCR (MSP) assays. Genomic DNA was extracted from cells with using DNA Extraction kits (Tiangen, Co., Ltd., Beijing, China), Dna bisulfite modification and methylation status of PCDH10 in pancreatic cancer cells and normal pancreatic ductal epithelial cells were detected by using the EZ DNA Methylation-Gold™ kit; Zymo Research Corp., Irvine, CA, USa). The methylated and unmethylated MSP primers are shown in Table I (17) . Methylation specific PCR (MSP) was performed using AmpliTaq Gold (Applied Biosystems). PCR products were analyzed on 2% agarose gel electrophoresis.
5-aza-2'-deoxycytidine (Aza) and trichostain A (TSA) treatment.
Following overnight incubation, Capan-1 and BxPC-3 cells were treated with 5-aza-2'-deoxycytidine (SigmaAldrich; 10 µM) for 3 days, and then trichostain A (100 ng/ ml; Cayman Chemical, ann arbor, MI, USa) was added to cell medium. After 24 h, the total RNA and DNA were extracted.
Transfection and G418 selection. The cells (Capan-1 and BxPC-3) were plated in 6-well plates, transfection was performed at 75% confluence. Discarding the medium, the cells were washed with serum-free medium 2 times, then each well was added with 1 ml serum-free medium. A total of 4 µg plasmid (pcDNA3.1-PCDH10 or pcDNA3.1-vector) (GeneChem) and 5 µl Lipofectamine™ 2000 (Invitrogen) were diluted by 500 µl serum-free medium, respectively, and allowed to incubate for 5 min at room temperature. Plasmid and Lipofectamine™ 2000 diluent were mixed and incubated for 20 min at room temperature, and each well was added with 1 ml the above mixture. after culturing for 4-6 h at 37˚C, the medium was discarded adding 2 ml medium with 10% FBS. after 48 h, G418 (amresco, Solon, OH, USa) was added into the medium (G418 concentration was tested before, Capan-1 800 µg/ml and BxPC-3 700 µg/ml) for ~2 weeks until single clones formed, then maintaining the concentration of G418 by half the culture continued. The medium containing G418 was changed each 3 days.
The expression of PCDH10 in transfected cells. Cells (Capan-1 and BxPC-3) were transfected with plasmid pcDNA3.1-PCDH10 or pcDNA3.1-vector, after 48 h, the total RNA and proteins were extracted. RT-PCR was used to examine the expression of PCDH10 in cells at mRNA level. Western blot analysis was performed to test the protein level: total proteins were extracted with PIPA lysate buffer Cell proliferation colony formation assays. The cells (Capan-1 and BxPC-3) were seeded in a 96-well plate at a density of 5x10 3 cells/well, each sample set in three wells and allowed to culture overnight. Cells were transfected with plasmid pcDNA3.1-PCDH10 or pcDNA3.1-vector Cell Counting kit-8 (Dojindo Molecular Technologies, Inc., Rockville, MD, USa) was used to to evaluated cells proliferation ability, the detection points were 24, 48 and 72 h after transfection.
The cells (Capan-1 and BxPC-3) stably transfected with pcDNA3.1-vector or pcDNA3.1-PCDH10 were seeded in a 6-well plate at a density of 1x10 3 cells/well. Each sample set in three wells. For two weeks, the clones (≥50 cells) were counted after fixing with paraformaldehyde and staining with Gentian violet.
Wound-healing and Transwell invasion assays. Cell (BxPC-3) migration was assessed with scratch wound-healing assay. Stably transfected cells were seeded in a 6-well plate until confluence, cell layer was scratched with a 2 µl pipette tip and washed with PBS, maintained in serum-free DMEM. Cells were photographed under a phase-contrast microscope after incubation for 0, 24 and 48 h.
The invasion ability of cells (BxPC-3) was measured by 24-well Transwell™ (Corning, Inc., Corning, nY, USa) with Matrigel (BD Biosciences, San Diego, CA, USa). The Matrigel was diluted with serum-free medium according to the instructions, added into the upper chamber, incubated at 37˚C until the Matrigel solidified. a total of 700 µl medium containing 10% FBS was added into the lower chamber, 100 µl serum-free medium with 2x10 4 cells was added to the upper chamber. After incubation for 48 h, cells that migrated were fixed and stained, then counted under a microscope in three fields.
Cell apoptosis assays. The apoptosis of Capan-1 cells was detected by combining f low cytometry and Annexin V-FITC/PI staining. After transfection for 48 h, the cells were digested with EDTA-free trypsin enzyme and collected, washed with PBS once gently and collected again. Cells were resuspended with 1 ml PBS, counted and transfered to 1.5 ml EP tube. Expression of the key cell apoptosis regulators examined by western blot analysis. After polyacrylamide gel electrophoresis, proteins were transfered onto PVDF membranes. The membranes were left in 5% skimmed milk for 2 h at room temperature then incubated with primary antibodies overnight (AKT, p-AKT, PARP, caspase-3, cytochrome-9 and Bcl-2 are rabbit anti-human polyclonal antibodies; Cell Signaling Technology), at 4˚C, washed with TBST buffer, incubated in the second antibody (goat anti-rabbit; Cell Signaling Technology) with HRP mark, for 2 h at room temperature. The membranes were washed again, then the proteins were visualized with BeyoECL Plus kits. Data were analyzed with fusion software.
Statistical analysis. Experiments were performed in triplicate. Data are presented as the mean ± SD and analyzed with Student's t-test, and the analyses were performed with the SPSS version 21. P<0.05 was considered to indicate a statistically significant result.
Results

PCDH10 is downregulated in pancreatic cancer cells.
We used RT-PCR to examine the expression of PCDH10 in pancreatic cancer cells and the normal pancreatic ductal epithelial cells. The result demonstrated that PCDH10 was downregulated in pancreatic cancer cells (Capan-1, Panc-1 and BxPC-3) compared to the normal pancreatic ductal epithelial cells (Fig. 1A) . 
PCDH10 is frequently downregulated with promoter methylation in pancreatic cancer cells and restored by methylation inhibitor histone deacetylase inhibitor.
MSP was performed to analyze the methylation status in the CpG island of PCDH10 promoter in pancreatic cancer cells as well as the normal pancreatic ductal epithelial cells. The cells (Capan-1 and BxPC-3) in which PCDH10 was silenced displayed promoter methylation, while was not found in normal cells (Fig. 1B) . Then, the cells were treated with methylation inhibitor Aza and histone deacetylase inhibitor TSA. As expected, the expression of PCDH10 was recovered (Fig. 1C) . The results revealed that DNA promoter methylation contributes to PCDH10 silence in pancreatic cancer cells.
The expression of PCDH10 significantly increased after transfection. RT-PCR results showed that the expression of PCDH10 mRNA in cells transfected with pcDNA3.1-PCDH10 was significantly higher than those in cells transfected with pcDNA3.1-vector. Western blot analysis showed that the expression of PCDH10 protein in cells transfected with PCDH10 was increased compared with cells transfected with plasmid vector (P<0.01; Fig. 2 ).
Re-expression of PCDH10 inhibits the proliferation and colony formation of pancreatic cancer cells.
Several studies have found that PCDH10 can inhibit cancer growth, whether this applies to pancreatic cancer is unclear. To ascertain this question, cell proliferation and colony formation assays were performed in the study. Cell Counting kit-8 assay demonstrated that the cells transfected with PCDH10 grew significant slower than cells transfected with vector at 24, 48 and 72 h (P<0.01; Fig. 3) . Furthermore, the colony formation assay showed the PCDH10-transfected cells formed markedly fewer and smaller colonies than the vector-transfected cells (P<0.01; Fig. 4) . These results revel that PCDH10 can inhibit pancreatic cancer cell growth.
PCDH10 inhibits the migration and invasion ability of pancreatic cancer cells.
Wound-healing and Transwell™ invasion assays were performed to test the effect of PCDH10 on the migration and invasion ability of pancreatic cancer cells BxPC-3. Cells transfected with PCDH10 spread significantly more slowly than cells transfected with vector in the woundhealing test (P<0.01; Fig. 5 ). The Transwell™ invasion assay showed a marked suppression of invasion in the PCDH10-transfected cells (P<0.01; Fig. 6 ). The above results suggested that PCDH10 may play an important role in metastatic diffusion of pancreatic cancer cells.
Ectopic PCDH10 expression induces apoptosis of pancreatic cancer cells. We performed flow cytometry combined with Annexin V-FITC/PI staining to explore the effect of PCDH10 on apoptosis in Capan-1. Apoptosis of cells transfected with PCDH10 was obviously increased compared with the cells transfected with vector (P<0.05; Fig. 7 ). This evidence suggests that PCDH10 can induce apoptosis of pancreatic cancer cells. The effect of PCDH10 on the key cell apoptosis regulators. The flow cytometry results confirmed that PCDH10 can induce apoptosis in pancreatic cancer cells, thus, we performed western blot analysis to detect the level of apoptosis-related proteins. Fig. 4 shows the pro-apoptosis proteins (PARP, caspase-3 and caspase-9) were increased and anti-apoptosis protein (bcl-2) was decreased. In addition, we detected the AKT and p-AKT levels upstream of the apoptosis pathway, the proteins (AKT and p-AKT) were decreased (P<0.05; Fig. 8 ). These results indicate that PCDH10 induced pancreatic cancer cell apoptosis may be via regulating the AKT pathway.
Discussion
The generation of most cancers involving pancreatic cancer are due to the genetic and epigenetic alterations of tumor suppressor genes (TSGs). Genetic alterations often accompany gene mutations which can change the DNA sequence. For instance, the tumor suppressor gene TP53 has frequent mutations resulting in inactivation in pancreatic cancer (18) . Several studies have suggested that epigenetic alterations are important mechanism for tumor suppressor genes silencing, and aberrant DNA methylation could be a novel tumor marker for early diagnose and prognosis (19) (20) (21) . DNA methylation as a tumor marker has some advantages: first, aberrant DNA methylation is more common as an early event in cancers; second, the techniques of detecting aberrant DNA methylation are simple, rapid and sensitive; finally, Dna is more stable than any other molecular markers similar to proteins. In DNA methylation, unlike genetic alteration, the silence of gene expression resulted by methylation alteration can be reversed by pharmacologic demethylation, this indicates that aberrant DNA methylation is a process recovering the expression of TSGs which changed by epigenetics and restoring their tumor suppression functions in cancer. Many TSGs and increasing number of genes with functional cancer suppression are silenced in pancreatic cancer by promoter methylation. Specifically, the inactivation of p16 tumor suppressor gene by promoter methylation in pancreatic cancer is well known (22) . This indicated that abnormal methylation of TSGs contributes to pancreatic cancer pathogenesis.
In the present study, we explored PCDH10 in the expression, epigenetic alteration, biological function in pancreatic cancer cells. Our results demonstrate that the PCDH10 expression is downregulated in pancreatic cancer cells due to DNA promoter hypermethylation, which accords with the status of PCDH10 in other types of cancer, and this suggests that the aberrant DNA methylation of PCDH10 could be a new biomarker for detecting pancreatic cancer at an early stage. Re-expression of PCDH10 significantly suppresses cell proliferation and colony formation, markedly inhibits migration and invasion ability, and induces apoptosis in pancreatic cancer cells. These results suggest that PCDH10 have tumor suppressor function, which is consistent with previous studies on PCDH10 in gastric cancer and in colorectal cancer (23, 24) . Thus, recovering PCDH10 expression and restoring its function shows promise as a new therapy for treating pancreatic cancer. Unfortunately, we did not collect enough pancreatic tissue samples, thus, we could not analyze the relationship between aberrant DNA methylation of PCDH10 and clinical features in pancreatic cancer.
Protocadherins play an important role in signal transduction, implying that PCDH10 action as tumor suppressor gene may be via mediating cancer-related signaling pathway. For example, PCDH10 inhibits the proliferation of multiple myeloma cells via downregulation of Wnt/β-catenin/BCL-9 signaling pathway (25) , and induces apoptosis of multiple myeloma cells by inhibiting the NF-κB pathway (26) . In this study, we explored the apoptosis mechanisms of PCDH10 in pancreatic cancer cells. The results showed that PCDH10 may regulate the AKT pathway to induce the apoptosis of pancreatic cancer cells.
Apoptosis is a regulated cellular suicide mechanism characterized by nuclear fragmentation, membrane blebbing and formation of apoptotic bodies (27) . Apoptosis pathway has been classified into mitochondria-mediated pathway and receptor-mediated pathway (28) . The natural death mechanism can lead to several diseases involving cancer when it is abnormally regulated. PARP, poly(ADP-ribose) polymerase, appears to be involved in DNA repair in response to environmental stress. It was reported to have a key role in caspase-independent cell death pathway defined as necroptosis (29) . Caspases, a family of cysteine proteases, is divided into initiator and effector caspases. Initiator caspases such as caspase-9, form apoptosome complex and activate downstream effector caspases by binding large adaptor molecules which promote caspase activation. Caspase-3, a member of effector caspases, is the primary executioner of programmed cell death, as it is directly or indirectly responsible for cleavage of many proteins and initiator caspases involved in apoptosis. Bcl-2 family of proteins is another important regulator of apoptosis, it is divided into anti-apoptosis proteins and proapoptosis proteins, according to the domain and function. Bcl-2 belongs to anti-apoptosis proteins, locating mainly on the outer mitochondria membrane. They protect the cells by interacting with mitochondria protein, preventing damage to the membrane, and they can inhibit the pro-apoptosis factors released (28, 30) .
PI3K/AKT signaling pathway has become a major focus of attention for its critical role in regulating some of the most fundamental aspects of cell growth, proliferation, survival, transcription, and protein synthesis, disorder of the PI3K/AKT pathway is contributing to many diseases including cancer, diabetes, cardiovascular and neurological diseases (31) . In addition, AKT pathway is the commonly activated signaling pathway in most cancers. Serine/threonine kinase Akt, the key protein of PI3K/AKT signaling pathway, is the major mediator of cell apoptosis by directly inhibiting pro-apoptosis proteins like Bad, caspase-9 and pro-apoptosis signals generated by transcription factors such as FoxO1 to regulate cell apoptosis (32) .
